Background: Compared to non-indigenous populations, indigenous populations experience disproportionately greater morbidity, and a reduced life expectancy; however, conflicting data exist regarding whether a higher risk of fracture is experienced by either population. We systematically evaluate evidence for whether differences in fracture rates at any skeletal site exist between indigenous and non-indigenous populations of any age, and to identify potential risk factors that might explain these differences. Methods: On 31 August 2016 we conducted a comprehensive computer-aided search of peer-reviewed literature without date limits. We searched PubMed, OVID, MEDLINE, CINAHL, EMBASE, and reference lists of relevant publications. The protocol for this systematic review is registered in PROSPERO, the International Prospective Register of systematic reviews (CRD42016043215). Using the World Health Organization reference population as standard, hip fracture incidence rates were re-standardized for comparability between countries. Results: Our search yielded 3227 articles; 283 potentially eligible articles were cross-referenced against predetermined criteria, leaving 27 articles for final inclusion. Differences in hip fracture rates appeared as continent-specific, with lower rates observed for indigenous persons in all countries except for Canada and Australia where the opposite was observed. Indigenous persons consistently had higher rates of trauma-related fractures; the highest were observed in Australia where craniofacial fracture rates were 22-times greater for indigenous compared to non-indigenous women. After adjustment for socio-demographic and clinical risk factors, approximately a three-fold greater risk of osteoporotic fracture and five-fold greater risk of craniofacial fractures was observed for indigenous compared to non-indigenous persons; diabetes, substance abuse, comorbidity, lower income, locality, and fracture history were independently associated with an increased risk of fracture. Conclusions: The observed paucity of data and suggestion of continent-specific differences indicate an urgent need for further research regarding indigenous status and fracture epidemiology and aetiology. Our findings also have implications for communities, governments and healthcare professionals to enhance the prevention of trauma-related fractures in indigenous persons, and an increased focus on modifiable lifestyle behaviours to prevent osteoporotic fractures in all populations.
Introduction
Indigenous compared to non-indigenous persons experience disproportionately greater morbidity and reduced life expectancy (Cooke et al., 2007) ; there has been concerted effort to close this gap over recent years (Brennan-Olsen et al., 2016) .
Specific to musculoskeletal health, some data suggest that indigenous persons have a higher risk of sustaining a fracture compared to non-indigenous peoples (Leslie et al., 2005) , whilst other studies report no differences in fracture rates between the two groups (Cauley et al., 2007) ; these differences in rates may potentially vary according to skeletal site, and correlate with cause of fracture (Karmali et al., 2005; Cauley, 2011) . It is also unknown whether any differences in fracture rates between indigenous and non-indigenous populations may vary between countries, or with the prevalence of specific risk factors. These conflicting associations and poorly understood risk factors create an imperative to investigate incident fracture rates at different skeletal sites for indigenous compared to non-indigenous populations, and to identify factors that could explain any differences in fracture rates, and thus form the aims of this systematic review.
Methods
The protocol for this systematic review has been published (Brennan-Olsen et al., 2016) and is registered with the International Prospective Register of systematic reviews (registration number CRD42016043215); as such, it adheres to the preferred reporting processes outlined within the Preferred Reporting Items for Systematic reviews and Meta-Analyses Protocols (PRISMA-P) 2015 guidelines (Moher et al., 2015) .
Indigenous status
Our inclusion criteria regarding indigenous status for eligible studies aligns with Article 33 of the United Nations Declaration on the Rights of Indigenous Peoples, whereby the importance of self-identification as an indigenous person is ranked highly (United Nations, 2007). We also included papers that determined indigenous status according to country-specific identity registration systems, or by parent-report.
Criteria for considering studies for this review
Inclusion criteria for eligible studies are: published full-text articles (epidemiological cohort, case-control and/or cross-sectional studies) that examine fracture rates, present proportions of fractures, and/or present multivariable models for the risk of fracture in indigenous populations or for indigenous compared to non-indigenous populations. Eligibility criteria for studies are inclusive of any country, sex or age. We included studies that ascertained fracture by self-report, radiological reports, clinical diagnosis, hospital or clinic admission, and/or according to the International Statistical Classification of Disease (ICD) codes from hospitalization or administrative health records.
Grey literature, conference presentations, theses and letters were excluded. Given that the purpose of this review is to ascertain whether fracture rates differ between non-indigenous and indigenous populations, randomized controlled trials (RCTs) were also excluded. If relevant, however, and where possible, baseline data from RCTs that pertain to fracture rates prior to intervention were included. Finally, papers that investigated both indigenous and nonindigenous persons but did not present findings separately for each group were excluded.
Search strategy for identification of studies
Our computer-generated search strategy was performed using PubMed, OVID, MEDLINE, CINAHL and EMBASE to identify relevant literature; the search was performed on 31st August 2016, and no limits on the date of publication were set. The following medical subject headings (MeSH) were applied: 'osteoporosis' OR 'fractures' OR 'bone' AND ('Indigenous' OR 'Aborigines' OR 'Inuit' OR 'Indians, Central American' OR 'Indians, North American' OR 'Indians, South American' OR 'Oceanic Ancestry Group'). Key words (informed by the United Nations Permanent Forum on Indigenous Issues (United Nations, 2007)) included: aboriginal, Aleutians, American Indian, First Nation, Lakota, Maasai, Maori, Mayas, Métis, Native Americans, Native-born, Saami, Torres Strait Islander and indigenous peoples. Relevant truncation was used for each database.
Re-standardization
Given that age is a major confounder for fractures, and each study identified had used a different age range, the reported rates of fractures could not be compared between studies without standardization (Tripepi et al., 2010) . Thus, whilst re-standardization of hip fractures was not an a priori element of our planned analyses, it was performed to address the differences in age ranges between studies, and in order to aid the comparison of rates between countries. Due to few data pertaining to other skeletal sites, we only re-standardized hip fractures. Reported crude rates of hip fractures across specific age-groups (including 95% confidence intervals), number of fractures and person-years observed for those aged ≥65 years were extracted either from the tables or digitised from published figures. The crude hip fracture rates were restandardized using the direct standardization method and with World Health Organization (WHO) standard population (WHO 2000 (WHO -2025 as a reference. When only sex-specific crude rates were provided in the published article, the re-standardization of the overall sample was not possible, and vice versa. Meta-analyses were not attempted due to cultural governance determining much heterogeneity between indigenous populations from different continents. Table 1 presents a summary of the literature identification and selection. Our computer-assisted search strategy yielded 3227 articles, of which 708 were potentially eligible. After screening, 283 articles remained as potentially eligible; the full-texts of those articles were read and cross-referencing against our pre-determined criteria, and 262 full text articles were excluded, leaving 21 articles that met our selection criteria (Leslie et al., 2004 (Leslie et al., , 2005 (Leslie et al., , 2012 (Leslie et al., , 2013 Cauley et al., 2007 Cauley et al., , 2011 Adsett et al., 2013; Buchanan et al., 2005; Chen et al., 2010; Frech et al., 2012; Jandoc et al., 2015; Kieser et al., 2002; Kruger et al., 2006; MacIntosh and Pearson, 2001; MacMillan et al., 2010; Oberdan and Finn, 2007; Pratt and Holloway, 2001; Stott et al., 1980; Wong et al., 2013; Nelson et al., 2011) . The most frequent reasons for articles failing to meet the eligibility criteria at this stage of the identification process were: archeological investigations of skeletons (n = 91); studies investigated bone mineral density (BMD); bone mineral content (BMC) or body composition (n = 50); study populations investigated with regards to ethnicity not indigenous status (n = 37); or dentalbased studies (n = 31); with the remaining 53 articles excluded for other reasons (Table 1 ). The reference lists of the 21 eligible articles were hand-searched, from which a further 6 articles were identified as eligible for inclusion (Barber et al., 1995; Barrett-Connor et al., 2005; Orchard et al., 2013; Norton et al., 1995; Koorey et al., 1992; Beyene and Martin, 2001) , resulting in a total of 27 papers to be reviewed. A quality-control check was performed by SEQ of a randomly-selected sample (using electronically generated random numbers) of~10% of the 262 excluded full-text articles (n = 25), and by SEQ and BJD of an electronically-generated random sample of~50% of the included fulltext articles (n = 15): with the exception of one paper determined to be ineligible due to fracture cases defined as 'prevalent osteoporosis' being grouped with non-fracture morbidity (Martens et al., 2011) , authors agreed on all of the excluded and included articles examined for quality control. Table 2 presents an overview of the 27 included articles. The articles were published across four decades from 1980 to 2015. Combined, the studies encompassed analyses of approximately 123,000 indigenous persons; however, both the Women's Health Initiative dataset from the USA and the Province wide Manitoba administrative health database from Canada investigated in more than one study. Studies were performed in New Zealand (n = 7) (Adsett et al., 2013; Buchanan et al., 2005; Kieser et al., 2002; Stott et al., 1980; Barber et al., 1995; Norton et al., 1995; Koorey et al., 1992) , the United States of America (USA) (n = 7) (Cauley et al., 2007 Chen et al., 2010; Frech et al., 2012; Pratt and Holloway, 2001; Nelson et al., 2011; Barrett-Connor et al., 2005) , Canada (n = 7) (Leslie et al., 2004 (Leslie et al., , 2005 (Leslie et al., , 2012 (Leslie et al., , 2013 Jandoc et al., 2015; MacMillan et al., 2010) , Australia (n = 5) (Kruger et al., 2006; MacIntosh and Pearson, 2001; Oberdan and Finn, 2007; Wong et al., 2013; Orchard et al., 2013) and Mexico (n = 1) (Beyene and Martin, 2001 ). Standardized, age-adjusted and/or annualized incident fracture rates or ratios were presented within 14 of the 27 articles, multivariable analyses were presented within 5 of the included articles, and 12 of the articles presented only descriptive results or had presented adjusted analyses that were not relevant to this systematic review; for instance time to mortality post-fracture for indigenous compared to non-indigenous persons (Leslie et al., 2013) , the number of football games missed following fracture for indigenous compared to non-indigenous players (Orchard et al., 2013) , the role played by parathyroid hormone or anemia status (Chen et al., 2010) on fracture risk within a group of indigenous persons, or the post-fracture care-gap among indigenous compared to non-indigenous populations (Leslie et al., 2012) . The results of re-standardized hip fracture rates for both sexes combined are presented in Fig. 1 , whilst Supplementary Figs. 1 and 2 present the rates for women and men, respectively. Given that fracture rates from the Manitoban administrative health database were reflected in two papers (Leslie et al., 2004 , albeit encompassing different time periods and participant numbers and demographics, only results from the larger analyses performed in 2004 are presented (Leslie et al., 2004) . In addition, there was much methodological heterogeneity between studies that had presented multivariable modelling, age, sex, recruitment methods, site and cause of fracture, self-reported versus radiological identification of fracture, variables included within the modelling, and statistical analyses. Given this, we synthesised the results from all 5 studies that presented multivariable analyses (Canada = 3; USA = 2), rather than excluding a subset based on methodological Table 3 Age-standardised incident fracture rates per 100,000 person years (95% CI) from studies that investigated fractures in indigenous compared to non-indigenous populations: results presented according to skeletal site, country, and alphabetically by surname of first author. quality score, as had been proposed within our published protocol (Brennan-Olsen et al., 2016) .
Results

Identification and selection of the literature
Description of the studies
3.3.1.1. Hip fracture. After re-standardizing to the WHO reference population, and with both sexes combined, indigenous persons from New Zealand (Stott et al., 1980; Barber et al., 1995) showed consistently lower rates of hip fracture compared to their continent-specific non-indigenous counterparts; however, the opposite was observed in a study from Canada (Leslie et al., 2004 ) and a study from Australia (MacIntosh and Pearson, 2001) (Fig. 1) . Larger variability between continents was observed in female populations, especially among indigenous groups. Continent-specific differences were observed when results were confined to women only ( Supplementary Fig. 1) , with three studies from New Zealand (Stott et al., 1980; Barber et al., 1995; Norton et al., 1995) showing statistically lower rates of hip fracture for indigenous compared to non-indigenous women; however, higher rates for indigenous compared to non-indigenous women were reported for Australia (Wong et al., 2013) , Canada (Leslie et al., 2004) and the USA (Pratt and Holloway, 2001) . Results were similar for men (Supplementary Fig. 2) , where statistically different variations in hip fracture rates were observed in one study from New Zealand (Barber et al., 1995) that reported lower rates for indigenous men compared to their non-indigenous counterparts, whilst higher rates for indigenous men were observed in Australia (Wong et al., 2013) and Canada (Leslie et al., 2004) .
3.3.1.2. Wrist, humerus and radius/ulna fracture. For humerus fractures, 252 fractures per 100,000 person-years were reported by Metis women from Canada compared to 334 in their non-indigenous counterparts, whilst Metis and non-indigenous men had similar fracture rates of 135 and 137 per 100,000 person years, respectively (Jandoc et al., 2015) . Incidence rates for fracture of the radius/ulna in Canada were 778 per 100,000 person-years in Metis women compared to 682 for non-indigenous women; for men the rates were 192 in Metis men compared to 241 in non-indigenous men (Jandoc et al., 2015) . For all First Nations persons combined, fracture rates for indigenous women were almost three-fold greater than non-indigenous women (148, vs. 50, respectively) (Leslie et al., 2004) . Similar observations were observed for First Nations compared to non-indigenous men with a two-fold greater rate of fractures (115, vs. 41, , respectively) (Leslie et al., 2004) .
3.3.1.3. Hip, humerus and radius/ulna fracture combined. Incident rates of fractures of the hip, humerus and radius/ulna combined, also reported in only one of the identified studies, were 1225 for Metis women from Canada compared to 1289 per 100,000 person-years for non-indigenous women, whilst for men the corresponding values for Metis compared with non-indigenous were similar, being 538 and 525, respectively (Jandoc et al., 2015) .
3.3.1.4. Craniofacial, facial and jaw fracture. Craniofacial fractures per 100,000 person-years in Canada were more than four times greater for First Nations women compared to their non-indigenous counterparts (440, vs. 82, (95) (96) (97) (98) (99) (100) (101) (102) (103) (104) (105) (106) (107) (108) (109) (110) respectively) ; rates for men were higher than for women, and were almost five times greater for First Nations men compared to non-indigenous men (930, 95%CI 790-1095, vs. 194, 95%CI 158-238 , respectively) (Leslie et al., 2004) . Facial fractures per 100,000 person-years in New Zealand were 44.8 in indigenous women compared to 15.4 in their non-indigenous counterparts, and were 152.0 and 56.9 for indigenous compared to non-indigenous men, respectively (Koorey et al., 1992) . In Australia, fractures of the jaw per 100,000 person-years were 22 times greater in indigenous compared to non-indigenous women (174.6 vs. 7.8, respectively); in men the incidence rates were nearly 8 times greater for indigenous compared to non-indigenous men (347.5 vs. 44.8, respectively) (Kruger et al., 2006) . Table 4 presents results from the five studies that performed multivariable analyses to investigate the risk of fracture in indigenous compared to non-indigenous populations. The two USA studies each reported that no association was observed between fracture and indigenous status (Cauley et al., 2007; Barrett-Connor et al., 2005) . In comparison, a two-to three-fold increased risk of osteoporotic fracture and a four-to five-fold increased risk of craniofacial fracture for indigenous compared to non-indigenous populations was reported within the three Canadian studies that had investigated the Manitoba population, albeit from different time periods (Leslie et al., 2004 (Leslie et al., , 2005 .
Multivariable results
Risk factors for differences in fracture
The prevalence of diabetes was independently associated with an increased likelihood of osteoporotic fracture (RR 1.13, 95%CI 1.02-1.25), and of hip fracture (RR 1.48, 95%CI 1.12-1.97) for Canadian indigenous persons compared to their non-indigenous counterparts , with longer duration of diabetes increasing the risk. That study also reported comorbidity and substance abuse, as a proxy for high alcohol consumption, contributed to greater fracture risk in indigenous compared to non-indigenous populations . Lower income was another significant predictor of wrist, spine or craniofacial fracture (RR 1.51, 95%CI 1.03-2.21; RR 1.59, 95%CI 1.23-2.06; RR 1.66, 95%CI 1.41-1.95, respectively) (Leslie et al., 2005) . Fracture history was identified as increasing the risk of fracture three-fold for indigenous populations from the USA compared to their non-indigenous counterparts (HR 2.9, 95%CI 1.5-5.7), whilst current hormone treatment was reported to be protective (HR 0.5, 95%CI 0.3-0.9) (Cauley et al., 2007) . In the studies that had adjusted for vitamin D status, no increased risk was reported.
Discussion
We report that, after standardization to the WHO reference population, incidence rates of hip fracture were lower for indigenous persons from all countries, with the exception of Canada and Australia where greater rates of hip fractures were observed in indigenous persons compared to their non-indigenous counterparts. However, for craniofacial, facial and/or jaw fractures, the incidence rates were up to 22 times greater for indigenous compared to non-indigenous women, and eight times greater for indigenous compared to non-indigenous men. In Fig. 1 . Re-standardized hip fracture incidence rates for both sexes combined using the World Health Organization 2000-2025 reference population aged ≥65 years as standard. Bars represent 95% confidence intervals. multivariable analyses that adjusted for socio-demographic and clinical risk factors, indigenous persons were two to three times more likely to experience an osteoporotic fracture and four to five times more likely to experience a trauma-related fracture compared to non-indigenous persons. Risk factors associated with an increased likelihood of fracture were diabetes, substance abuse, comorbidity, lower income, geographic locality, and fracture history, whilst current hormone treatment had a protective effect. Table 4 Key results of included articles that performed multivariable analyses, including modelling procedures, key results and summary of associations: studies presented under country of origin, and then chronologically according to year of publication.
Differences in fracture rates and risk
The observed differences in hip fracture rates in indigenous compared to non-indigenous populations appear to be continent-specific. For women, First Nations peoples from Canada, Alaskan Inuit peoples from the USA and indigenous persons from Australia appeared to have greater fracture rates than their non-indigenous counterparts. For men, First Nations peoples form Canada, and indigenous persons from Australia had greater hip fracture rates than their non-indigenous counterparts. Our findings suggest that Maori peoples from New Zealand had lower fracture rates than their non-indigenous counterparts, and this was consistent for both sexes. However, comparability between studies should be acknowledged with regards to method of fracture ascertainment. For instance in those studies that investigated indigenous status and hip fractures by self-report, no associations between fractures and indigenous status were observed. In contrast, in the studies that ascertained hip fractures using ICD codes or radiographic evidence, the risk of fracture was approximately twice as likely for indigenous persons compared to non-indigenous persons. Apart from methodological concerns that demand care be taken when interpreting results from individual studies, there are likely to be many varied reasons for differences in fracture rates and risk according to indigenous status. Elucidation of reasons for these differences may be informed by reference to a biomedical versus eco-social dichotomy (Leslie and Lentle, 2006) ; notably, similar dichotomized constructs have been suggested by others (Megyesi et al., 2011) . However, due to complex and inextricable links between biomedical and eco-social factors, a combination of both is more likely, rather than any independent influence; nonetheless, these constructs provide a foundation on which to base speculations.
Biomedical factors
Continent-specific differences in fracture rates, similar to that observed in Canadian compared to New Zealand indigenous populations, may be explained by an effect of latitude on fracture risk (Johnell et al., 2007) , although based on a paucity of data we are unable to speculate further. However, a factor of which more is known, is the effect of a larger body or bone size on fracture (Johansson et al., 2014) ; which may offer a potential explanation regarding the different fracture rates for indigenous compared to non-indigenous persons, as was observed in those studies that employed clinically-ascertained fractures. For instance, higher levels of age-, height-, and percentage body fat-adjusted BMD among Maori men and women compared to their European counterparts have been reported (Swinburn et al., 1999) , and similar findings have also been shown in Canadian First Nations peoples compared to their non-indigenous counterparts (Leslie et al., 2008) ; indeed, an earlier Greenland-based study showed that body size appeared to explain any differences in BMD between Inuit and Caucasian populations (Andersen et al., 2005) . Leslie and Lentle (2006) suggested that correcting for bone size by way of bone mineral apparent density (BMAD), rather than BMD per se, may avoid an underestimation of fracture risk. Another factor influencing fracture rates may be the difference in life expectancies between indigenous and non-indigenous populations, given that hip fractures are highly prevalent after the seventh decade of life we speculate that a reduced life expectancy may explain some of the lower rates of hip fracture observed in non-indigenous persons compared to their non-indigenous counterparts. As we have previously identified (Brennan-Olsen et al., 2016) , indigenous persons from Australia have an average life expectancy of 59.5 years that is indicative of a~10 year gap in longevity (Cooke et al., 2007; Rosenstock et al., 2013) , First Nations peoples from the USA live an average of 70.8 years (Cooke et al., 2007) , Maoris from New Zealand live an average of 71.1 years (Cooke et al., 2007) , and First Nations, Metis and Inuit peoples from Canada live an average of 72.8 years (Cooke et al., 2007) .
Despite much heterogeneity between studies, some risk factors were identified as being associated with fracture risk for indigenous compared to non-indigenous persons. In one of the USA-based studies, fracture history increased the likelihood of fracture for indigenous persons whilst current hormone therapy offered some protection (Cauley et al., 2007) . Having a greater number of comorbid conditions was associated with increased fracture risk for indigenous persons, as was diabetes alone . Indeed, indigenous populations have a disproportionately greater prevalence of chronic diseases, especially diabetes (Young et al., 2000; McDermott et al., 2010; Joshy and Simmons, 2006) , and altered bone metabolic markers (Schwartz, 2003) and a higher fracture risk have both been reported in populations with diabetes (Oei et al., 2015) . Independent of indigenous status, however, there are numerous risk factors associated with an increased risk of fracture: notable are the clinical risk factors included within the WHO's 10 year fracture risk calculator (FRAX) (Kanis et al., 2009) . We acknowledge that these factors may indirectly or directly influence fracture risk, independent of indigenous status.
Eco-social factors
The clinical risk factors included in FRAX could equally fall within, and be inextricably linked with, the eco-social construct. Lifestyle and risk-taking behaviours known to be associated with increased fracture risk are, in the majority, highly socially patterned (Brennan et al., 2014) ; these include smoking (Hiscock et al., 2012) and alcohol consumption (Mulia et al., 2008) . However, even the prevalence of chronic diseases associated with fracture risk vary according to socioeconomic status, for instance diabetes (Krishnan et al., 2010; Agardh et al., 2007) and fracture history (Brennan et al., 2015) . Our review showed substance abuse to be associated with a higher risk of fracture in indigenous populations , as were lower income and area of geographic residence (Leslie et al., 2005) .
Not only do indigenous populations worldwide have a heavy burden of social, environmental and medical issues (MacMillan et al., 1996) , but intentional or non-intentional trauma-related injuries from motor vehicle accidents or interpersonal violence are disproportionately experienced by indigenous persons from Canada, Australia and New Zealand compared to their non-indigenous counterparts (Karmali et al., 2005; Kieser et al., 2002; Jayaraj et al., 2012) . A study by Karmali et al. (2005) reported on the risk of injury associated with specific causes in the Canadian population and reported that, compared to non-indigenous persons, indigenous persons had a three-fold greater risk of injuries related to road traffic accidents, and eleven times the risk of injuries caused by interpersonal violence. Given this, the cause of fracture is imperative to consider when investigating differences in fracture rates between indigenous and non-indigenous populations; indeed, cause of injury may be correlated with skeletal site of fracture. Our review found that for craniofacial fractures, indigenous men and women from Canada, New Zealand, and Australia had greater rates than their non-indigenous sex-specific counterparts; of the sexes, women had a greater rate of fractures at these sites than men. The underlying causes for trauma-related fractures are beyond the scope of this review, yet likely a symptom of complex psychosocial, economic and cultural issues for which urgent action is necessary.
Strengths and weaknesses
Our review has a number of strengths. Firstly, the study selection and data extraction were confirmed by two authors, and the assessment of methodological quality was independently performed by two authors initially blinded to the results of the other. The definition of indigenous status employed within this review aligned with Article 33 of the United Nations Declaration on the Rights of Indigenous Peoples (United Nations, 2007), whereby the importance of self-identification as an indigenous person is emphasized. This is the first review of its kind to report fracture incidence rates and risk factors for fracture between indigenous and non-indigenous populations. In addition, we performed ad-hoc analyses by re-standardizing incident hip fracture rates using the WHO reference population as standard, in order to account for much heterogeneity between studies and to provide a more just comparison of fracture incidence rates between countries.
Our review also has a number of limitations. As mentioned, the reviewed studies were heterogeneous which precluded undertaking meta-analyses; however, given the argument that continentally-defined indigenous groups should be investigated separately, our re-standardization analyses enabled a more equitable comparison. We identified studies from only four different countries, with some skeletal sites (humerus, radius/ulna and jaw) investigated by only one study each. In addition, five of the Canadian studies had investigated populations in the Province of Manitoba; however, these analyses are each distinct with regards to time periods, population numbers and demographics, and analytical approach. Clearly, the vast cultural diversity in indigenous populations is not paralleled with the diversity of available literature. The lack of associations observed in studies from the USA may be influenced by small sample sizes of indigenous persons; an issue acknowledged by Barrett-Connor et al. (2005) , a study that actually had the largest sample of indigenous persons of all the USA-based studies. The findings of our review could be influenced by a type II error inherent within the reviewed studies, which was reported with regards to hospitalization data ascertained from the New Zealand Health Information Service from which a 7.4% underestimation of the true incidence of hip fracture was reported by Norton et al. (1995) ; however, that underestimation issue was reported more than two decades ago, is therefore only likely to influence publications from that era. Finally, cause of fracture may likely bias some results; for instance, the only study from Canada to report higher rates of hip fracture in indigenous compared to non-indigenous men was that by Jandoc et al. (2015) , of which Metis were the only indigenous persons included in the study, rather than the First Nations population as per the work by . Similarly, the method of fracture ascertainment may explain some observed differences in fracture rates.
Conclusion
In conclusion, we suggest there to be many varied reasons for differences in fracture rates and risk according to indigenous status. We observed a worldwide paucity of data that indicates an urgent need for further research regarding indigenous status and fracture epidemiology and aetiology. However, taking into account this paucity of data, we reported that, compared to non-indigenous populations: (1) indigenous persons from Canada and Australia had higher rates of hip fractures, however, the opposite was observed for indigenous persons from all other countries; (2) significantly greater rates of trauma-related fractures were observed in indigenous persons, specifically craniofacial fractures; and (3) factors associated with an increased risk of fracture for indigenous persons including diabetes, substance abuse, medical comorbidity, lower income, locality and fracture history. Our findings have implications for healthcare professionals and communities to enhance the prevention of trauma-related fractures in indigenous persons, and to focus on the modifiable lifestyle behaviours to help reduce osteoporotic fractures in all populations. Our findings also indicate the imperative to account for indigenous status in future studies investigating fracture outcomes, and analyses should ideally focus on site-specific and cause-specific fracture.
Supplementary data to this article can be found online at http://dx. doi.org/10.1016/j.bonr.2017.04.003. 
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